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A review of the factors historically thought to contribute to the feminization of men with Laennecs
cirrhosis is presented. Objective scientific data is presented both in support ofand in rejection ofsuchfactors
when available. Recent hypotheses about the significance of an altered estrogen to androgen (E/T) ratio as
being important in the pathogenesis of feminization also are discussed. Finally, a hypothesis which
incorporates the findings of hypogonadism and cirrhosis with portal-systemic shunting is presented as a
pathogenic mechanism for the feminization of men with alcohol-induced Laennec's cirrhosis.
Chronic alcoholic men frequently demonstrate evidence for hypogonadism and
feminization [1]. The hypogonadism in these men is manifested bytesticular atrophy,
a high prevalence ofinfertility, loss oflibido, impotence, and reduced plasma levels of
testosterone. Feminization is distinct from hypogonadism and is manifested by
gynecomastia, female body habitus changes, the presence of spider angiomata,
palmar erythema, and changes in body hair patterns.
It has been demonstrated both clinically and in the laboratory, using a variety of
animal models, that alcohol abuse per se in the absence of significant (irreversible)
liver disease is responsible for the hypogonadism observed in alcoholic men [1-3].
Feminization on the other hand occurs later in the course of chronic alcoholism and
is seen only occasionally in an alcoholic individual without demonstrable liver
disease. Moreover the pathogenesis of alcohol-induced hypogonadism, although
incompletely understood, particularly at a molecular level, has been shown to be due
both to an alcohol-induced primary gonadal injury and to an alcohol-associated
hypothalamic-pituitary dysfunction [4-6]. In contrast, the pathogenesis of the
feminization of chronic alcoholic men is understood poorly if at all [1].
It is the purpose ofthis paper to present a historical review of the factors thought
possibly to contribute to this feminization and then to present the author's own
prejudice as to its pathogenesis. Clinical and experimental data used to derive the
various historical hypotheses as well as the author's own prejudices will be discussed
wherever possible.
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The earliest proposed mechanism for the development of gynecomastia, the most
obvious sign of feminization in chronic alcoholic men, was that either an estrogenic
material or an inflammatory agent present in the diet of such men accumulated in the
blood presumably as a consequence of reduced hepatic function [7]. Such retained
material was thought to cause the breast tissue to hypertrophy and thus produce the
physical finding of gynecomastia. Soon after biochemists and endocrinologists were
able to isolate and synthesize individual steroids, it was demonstrated that: (a)
estrogenic substances when administered to normal men could produce feminization,
and (b) the liver was essential to the normal metabolic handling of sex steroids. Soon
thereafter, it was demonstrated that the infusion of pharmacological amounts of
steroidal estrogens could produce spider angiomata, palmar erythema, gynecomastia,
and testicular atrophy both in man and in experimental animals [8-10]. Moreover, it
was shown that there existed a reversible reduced hepatic clearance of estrogens in
acute hepatitis[11]. As a result of these individual observations, it was proposed that
feminization occurred in alcoholic men as a consequence of alcohol-induced liver
disease with the resultant prehepatic retention of estrogens.
With the development of sensitive radioimmunoassay methods to directly measure
the plasma levels of estrogens in man our understanding of the pathogenesis of
feminization, rather than becoming clearer as a result of biochemical confirmation of
increased plasma estrogenlevels, became less clear as the initial reports found normal
rather than increased levels of estradiol in cirrhotic men [4,11-15]. Moreover, the
metabolic clearance rate of estradiol in cirrhotic men was found to be normal, not
reduced [15]. Undaunted by these disturbing findings, other investigators turned to
measuring the levels of weaker plasma estrogens such as estrone, while yet others
began to measure levels of free plasma estradiol [13,16-18]. Although such investiga-
tions universally found increased levels of estrone, some [13] but not all [1 1,17,18]
found increased levels of free estradiol and the matter was far from resolved. Three
factors have confounded the resolution: (1) estrone has only one-fourth the biological
potency of estradiol and the increases found for estrone, although definite, were not
of major proportions; (b) plasma levels of sex steroid binding globulin when
measured have universally been reported to be increased [4,11,14,16,19]; and (c) there
are definite problems with the methodology, performance, and interpretation of
studies directed at determining concentrations of free plasma steroid levels.
Despite the accumulation of such negative scientific data, the clinical observation
remains that feminization occurs rarely except in alcoholics with liver disease and to
an even lesser extent in some individuals with non-alcoholic cirrhosis. Thus liver
disease, particularly cirrhosis, must have some pathogenic role in the development of
feminization. The specific mechanism, however, has not yet been identified. Thus
other approaches have continued to receive support.
A potential role for the pituitary hormone prolactin in the feminization of
alcoholic cirrhotic men was proposed as soon as increased levels of this hormone
were found to occur in such men [16]. The observation that such men, in addition to
having increased basal levels ofprolactin, also had lost the normal diurnal variation
in plasma prolactin levels seemed to provide yet more credibility to a potential role
for prolactin in the pathogenesis of the observed feminization [20]. Moreover, the
statistically significant association between the presence of clinically apparent
gynecomastia and increased prolactin levels provided additional support for such a
role for prolactin [16]. Not long thereafter, however, it became apparent that
prolactin is an estrogen-responsive hormone and soon the question naturally was
asked whether the observed increases wereprimary(i.e., responsible for the feminiza-
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tion) or merely another secondary derivative response of hyperestrogenization (i.e.,
feminization) [21]. This question took on additional import as the role ofprolactin in
the genesis of gynecomastia came into question [22]. The present consensus among
endocrinologists is that hyperprolactinemia per se is not capable of producing
gynecomastia. This opinion is based upon the clinical observation that gynecomastia
is unusual if not rare in individuals with hyperprolactinemia associated with pituitary
adenoma or other neuroendocrine disease states. Moreover the gynecomastia found
in association with hepatic diseases is characterized by proliferation of the stroma
and ducts but not of the acini [23]. The ducts and stroma are known to be estrogen-
responsive while the acini respond to progesterone and, to a lesser extent, prolactin
under the influence of estrogen [24]. Gynecomastia is thought, therefore, to develop
only in individuals who either have overt hyperestrogenemia or those who are
exposed to weak non-steroidal estrogen agonists or androgen antagonists. Prolactin,
however, may act synergistically with such materials and thereby contribute to
enhanced breast hypertrophy.
With answers to resolve this dilemma not forthcoming in retrospective studies
involving cirrhotic men, the possibility that feminization might occur in these men as
a result of an altered estrogen-androgen ratio was advanced [13]. With the observa-
tion that in chronic alcoholic men estradiol levels are either normal or increased and
that estrone levels are definitely increased while testosterone levels are reduced, it
must be obvious that such a ratio would be markedly increased in alcoholic men
when compared to such a ratio in normal non-alcoholic men. This hypothesis,
however, has theoretical if not real problems in its general application to the problem
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of feminization of alcoholic men. Clinically older men (above 60 years of age) have
reduced testosterone production and plasma levels as well as normal to increased
levels of estrogens and therefore an abnormally increased estrogen to androgen ratio.
They are, however, not feminized as a group. At a more scientific or theoretical level,
steroid receptors, be they estrogen or androgen receptors, respond to concentrations
of individual steroids, not to ratios of steroid. They are quite species specific. Thus
androgen receptors recognize androgens but not estrogens while estrogen receptors
recognize estrogens but not androgens. Therefore, when the calculated estrogen/an-
drogen ratio is composed of a minimal to moderate increase in the numerator
(estrogen) and a moderate to marked decrease in the denominator (androgen) it is
quite problematical as to whether or not such a ratio has any real biological
significance in terms of increased feminization.
With all of the preceding negativism it is not unreasonable at this point to ask what
then does the author think might be a reasonable explanation for the observed
feminization in chronic alcoholic men. Before stating my own prejudice I would like
to provide the reader with some background information. Recent studies and several
clinical observations suggest that a degree of adrenal-cortical hyperactivity exists in
chronic alcoholic men [25-31]. Therefore, an increased incidence of Cushing's
syndrome and increased plasma levels of androstenedione, a weak androgen princi-
pally of adrenal cortical origin, have been reported to occur in chronic alcoholics.
Moreover, adrenal androgens such as androstenedione and dehydroepiandrosterone
are capable of being aromatized in a variety of tissues such as skin, fat, bone, muscle,
brain, and liver' to estrogens, particularly estrone and to a lesser extent estradiol
[32-37]. Such peripheral aromatization is known to occur in normal men and has
been shown to be increased in chronic alcoholic men, particularly those with cirrhosis
[38,39]. Thus, peripheral aromatization of such weak adrenal androgens secreted in
excess by alcoholic men would maintain normal to only moderately increased levels
of such androgenic steroids while maintaining normal estradiol and increased estrone
levels in men with gonadal atrophy. Such a formulation is consistent with the normal
metabolic clearance rate and increased plasma production rate of androstenedione as
well as the normal metabolic clearance and increased plasma production rates for
both estrone and estradiol reported in cirrhotic men [15,26,29-31]. Thus, it has been
demonstrated that an increased peripheral conversion of testosterone and andro-
stenedione to estradiol and estrone, respectively, can account for at least 60 percent
of the plasma level of each of these estrogens in cirrhotic men [30].
It is well known that cirrhosis, particularly Laennec's cirrhosis due to chronic
alcohol abuse, is associated both with testicular atrophy and with portal hypertension
and the development of portal systemic shunts. In addition it has been demonstrated
that steroids, once cleared from plasma, normally undergo an enterohepatic circula-
tion. Putting all of these rather diffuse observations together, I would propose that
alcoholic men with cirrhosis clear the plasma of estrogens and androgens as well as
normal individuals and further, that these hepatically extracted steroids are conju-
gated and then excreted not only into blood for ultimate urinary excretion but also
into bile where they gain access to gut. Once within the gut these steroids are
deconjugated and reabsorbed. Normally such reabsorbed steroids are rapidly re-
moved from the portal venous blood by the liver and are reexcreted into bile without
altering systemic steroid levels. However, in the individual with cirrhosis and
hypogonadism due to alcohol-induced gonadal injury as well as portal hypertension
with portal-systemic shunting either around or through the liver, such reabsorbed
steroids gain access to the systemic circulation and therefore contribute to the
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systemic levels of these steroids, thus maintaining systemic estradiol, estrone, and
androstenedione levels at normal to moderately increased levels despite advanced
gonad failure and reduced production rates. Such reabsorbed steroids are either then
capable ofdirectly acting at peripheral tissues as estrogens (estrone and estradiol) or
can be converted, as in the case of androstenedione, to an estrogen (estrone). Such
peripheral intracellular conversion of androstenedione to estrone can occur without
even altering systemic plasma estrogen levels. Such a formulation is at least
consistent with the observation of similar plasma levels of estradiol in cirrhotic men
who have gynecomastia when compared to cirrhotic men without gynecomastia
[1,4,14,22,27].
Preliminary studies in ourlaboratory using the rat model ofchronic alcoholism are
consistent also with such a formulation [40]. Specifically, alcohol feeding has been
shown to be associated with increased plasma levels of corticosterone suggesting
increased adrenal-cortical secretory activity as compared to ad lib fed animals. In
addition, animals with artificially produced portal hypertension and presumed portal
systemic shunts as a consequence ofpartial portal veinligation have increased plasma
levels of estrone (which presumably arises as a result of peripheral conversion of
androstenedione) whether or not they are fed alcohol [40]. Thus the combination of
alcohol feeding and the development of portosystemic shunts due to partial portal
vein ligation in male rats is associated with the finding ofincreased adrenal-cortical
secretory activity, manifested by increased corticosterone and presumably andro-
stenedione levels as well as increased estrone levels, normal estradiol levels, and
reduced testosterone levels.
Finally, additional studies actively in progress in our laboratory suggest that the
net effect of reduced gonadal androgen production with resultant reduced plasma
levels of testosterone and increased estrogen levels due to peripheral conversion of
weak adrenal androgens to estrogens may alter tissue sensitivity to estrogens [41-43].
Because the combination of hypogonadism and hyperestrogenization frequently
occurs in individuals with alcohol-induced liver disease but rarely in other forms of
chronic liver disease, the presence of these two phenomena together in individuals
with Laennec's cirrhosis may explain the frequent finding of feminization in such
individuals but not in individuals with other equally advanced liver disease not
associated with gonadal injury.
The ease with which all of the available data accumulated by investigators in
different laboratories can be incorporated into a formulation which incorporates an
altered enterohepatic circulation of biliary excreted steroids as a result of portal
hypertension and primary liver disease makes it an attractive working hypothesis.
Clearly, much more work will be needed either to validate or reject such a
formulation. Until such data is available, however, it seems a likely candidate as an
accurate explanation for the feminization in alcoholic men with cirrhosis.
REFERENCES
1, Van Thiel DH, Lester R: Alcoholism: its effect on hypothalamic-pituitary-gonadal function. Gastroenterology
71:318-327, 1976
2. Van Thiel DH, Gavaler JS, Lester R, et al: Alcohol-induced testicular atrophy: an experimental model for
hypogonadism occurring in chronic alcoholic men. Gastroenterology 69:326-332, 1975
3. Gordon GG, Altman K, Southren AL, et al: Effect of alcohol (ethanol) administration on sex-hormone metabolism
in normal men. N Engl J Med 295:793-797, 1976
4. Van Thiel DH, Lester R, Sherins RJ: Hypogonadism in alcoholic liver disease: evidence for a double defect.
Gastroenterology 67:1188-1199, 1974224 DAVID H. VAN THIEL
5. Van Thiel DH, Lester R, Vaitukaitis J: Evidence for a defect in pituitary secretion ofluteinizing hormone in chronic
alcoholic men. J Clin Endocrinol Metab (in press).
6. Van Thiel DH, Lester R: Further evidence for hypothalamic-pituitary dysfunction in alcoholic men. Alcoholism:
Clin Exp Res 2:265-270, 1978
7. Lloyd CWR, Williams RH: Endocrine changes associated with Laennec's cirrhosis of the liver. Am J Med
4:315-330, 1948
8. Bean WB: A note on the development of cutaneous arterial spiders and palmar erythemia in persons with liver
disease and their development following the administration of estrogens. Am J Med Sci 204:251-253, 1942
9. Bennett HS, Baggenstoss AH, Butt HR: The testis, breast and prostate ofmen who die ofcirrhosis ofthe liver. Am J
Clin Pathol 20:814-828, 1950
10. Morrione T: The effect of estrogens on the testes in hepatic insufficiency. Arch Pathol 37:39-48, 1944
11. Galvao-Teles A, Burke CW, Anderson DC, et al: Biologically active androgens and oestradiol in men with chronic
liver disease. Lancet 1:173-177, 1973
12. Kent JR, Scaramuzzi RJ, Lauwers W, et al: Plasma testosterone, estradiol and gonadotropins in hepatic
insufficiency. Gastroenterology 64:111-115, 1973
13. Chopra IJ, Tulchinsky D, Greenway FL: Estrogen-androgen imbalance in hepatic cirrhosis. Ann Intern Med
79:198-203, 1973
14. Baker HWG, Burger HG, de Kretser DM, et al: A study of the endocrine manifestations of hepatic cirrhosis. Q J
Med 177:145-178, 1976
15. Olivo J, Gordon GG, Rafii F, et al: Estrogen metabolism in hyperthyroidism and in cirrhosis of the liver. Steroids
26:47-56, 1975
16. Van Thiel DH, Gavaler JS, Lester R, et al: Plasma estrone, prolactin, neurophysin, and sex steroid-bindingglobulin
in chronic alcoholic men. Metabolism 24:1015-1019, 1975
17. Pentikainen PJ, Pentikainen LA, Azarnoff DL, et al: Plasma levels and excretion of estrogens in urine in chronic
liver disease. Gastroenterology 69:20-27, 1975
18. Green JRB, Mowat NAG, Fisher RA, et al: Plasma oestrogens in men with chronic liver disease. Gut 17:426-430,
1976
19. Breuer VJ, Schneider H Th, Breuer H: Untersuchungen uberdie Bindung von Testosteron und Ostradiol-17p durch
Serum-proteine bei Normal personen und bei Patienten mit Lebercirrhose. Z Klin Chem u klin Biochem 8:626-631,
1970
20. Tarquini B, Gheri R, Anichini P, et al: Circadian study ofimmunoreactive prolactin in patients with cirrhosis ofthe
liver. Gastroenterology 73:116-119, 1977
21. Yen SSC, Ehara Y, Siler TM: Augmentation of prolactin secretion in hypogonadal women. J Clin Invest
53:652-655, 1974
22. Turkington RW: Serum prolactin levels in patients with gynecomastia. J Clin Endocrinol Metab 34:62-66, 1972
23. Haagensen CD: Diseases of the breast. Second edition. Philadelphia, WB Saunders Co, 1971, pp 82-83
24. Reid DE, Ryan KJ, Benirschke K: Hormonal control of mammary growth and lactation, in Principles and
management of human reproduction. Philadelphia, WB Saunders Co, 1972, pp 125-132
25. Rees LH, Besser GM, Jeffcoate WJ: Alcohol-induced pseudo-Cushing's syndrome. Lancet 1:726-728, 1977
26. Van Thiel DH, Loriaux DL: Evidence for an adrenal origin of plasma estrogens in alcoholic men. Metabolism
(submitted for publication).
27. Kley HK, Nieschlag E, Wiegelmann W, et al: Steroid hormones and their binding in plasma of male patients with
fatty liver, chronic hepatitis and liver cirrhosis. Acta Endocrinol (kbh) 79:275-285, 1975
28. Kley HK, Nieschlag E, Kruskemper HL: Estrone, estradiol and testosterone in patients with cirrhosis of the liver:
effects of HCG. Horm Metab Res 7:99-100, 1975
29. Kley HK, Keck E, KrUskemper HL: Estrone and estradiol in patients with cirrhosis ofthe liver: effects ofACTH and
dexamethasone. J Clin Endocrinol Metab 43:557-560, 1976
30. Gordon GG, Olivo J, Rafii F, et al: Conversion ofandrogens to estrogens in cirrhosis ofthe liver. J Clin Endocrinol
Metab 40:1018-1026, 1975
31. Thijssen JHH, Lourens J, Donker GH: Androstenedione and testosterone production and interconversion rates
measured in peripheral blood in male patients with cirrhosis ofthe liver. Acta Endocrinol (Kbh) Suppl 155:116, 1971
(abstract)
32. Grodin JM, Siiteri PK, MacDonald PC: Source of estrogen production in postmenopausal women. J Clin
Endocrinol Metab 36:207-214, 1973
33. Reddy VVR, Naftolin F, Ryan KJ: Aromatization in the central nervous system ofrabbits: Effects ofcastration and
hormone treatment. Endocrinology 92:589-594, 1971
34. Naftolin F, Ryan KJ, Petro Z: Aromatization of androstenedione by the diencephalon. J Clin Endocrinol Metab
33:368-374, 1971
35. Schweikert H, Milewich L, Wilson JD: Aromatization of androstenedione by isolated human hairs. J Clin.
Endocrinol Metab 40:413-417, 1975FEMINIZATION IN LAENNEC S CIRRHOSIS 225
36. Bolt HM, Gobel P: Formation ofestrogens from androgens by human subcutaneous adipose tissue in vitro. Horm
Metab Res 4:312-313, 1972
37. Schindler AE, Ebert A, Friedrich E: Conversion of androstenedione to estrone by human fat tissue. J Clin
Endocrinol Metab 35:627-630, 1972
38. Edman CD, MacDonald PC, Combes B: Extraglandular production of estrogens in subjects with liver disease.
Gastroenterology 69:819, 1975 (abstract)
39. Southren AL, Gordon GG, Olivo J, et al: Androgen metabolism in cirrhosis of the liver. Metabolism 22:695-702,
1973
40. Van Thiel DH, Gavaler JS, Slone F, et al: Does portal hypertension contribute to the feminization ofalcoholic men?
Gastroenterology 72:121/1 144, 1977
41. Eagon PK, Imhoff AF, Fisher SE, et al: Estrogen receptors of male and female liver. Clin Res 26:317A, 1978
(abstract)
42. Eagon PK, Imhoff AF, Fisher SE, et al: Mechanism ofhyperestrogenization in alcoholics: E2/T ratio. Gastroenter-
ology 75:961A, 1978 (abstract)
43. Lester R, Eagon PK, Van Thiel DH: Feminization of the alcoholic: the estrogen/testosterone ratio (E/T).
Gastroenterology (in press)